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Abstract
Background  The gracilis flap is rarely used in colorectal surgery and requires a multidisciplinary surgical team including 
plastic surgeons. There is a paucity of data on the outcome of the gracilis flap when performed by colorectal surgeons.
Methods  A retrospective review was performed of all consecutive patients who underwent the gracilis flap at a single institu-
tion. Data collected included patient-related characteristics, indications for surgery, postoperative outcomes, and healing rates.
Results  Eighteen patients underwent a total of 19 flaps. The median age was 60 years. Thirteen patients (72.2%) had prior 
radiation therapy. The most common indication for radiation was prostate carcinoma (38.9%) and rectal or anal carcinoma 
(33.3%). Indications for operation were complex fistulas in 14 patients (77.8%) or wound defect closure in four patients 
(22.2%). Six out of 14 patients (42.9%) had failed prior fistula repair. All patients had existing stoma or underwent stoma 
placement at the time of the gracilis flap. Median length of stay was 5 days. Post-operative complications occurred in three 
patients (16.7%), and the readmission rate was 11%. Flap failure was noted in three patients (16.6%). Both patients with 
rectourethral fistulas healed after additional intervention. During a median follow-up time of 24 months, 11 out of the 12 
temporary stomas were closed, and one was converted to a permanent colostomy.
Conclusions  The gracilis flap can be successfully used for complex pelvic fistulas and perineal wounds. This study dem-
onstrates that a colorectal surgeon with interest and expertise in this technique can perform this operation with excellent 
outcomes.
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Introduction

Complex pelvic fistulas and perineal wounds can be chal-
lenging to treat. The most problematic rectourethral and rec-
tovaginal fistulas often present with a history of radiation 
therapy and/or prior failed operations. Associated conditions 
include benign disorders such as inflammatory bowel dis-
ease, childbirth, trauma, iatrogenic injuries, and colorectal, 
urologic, or gynecologic malignancy [1–4]. Addressing 
such difficult situations often requires fecal diversion and 

selective urinary diversion in patients with urinary fistulas. 
Spontaneous healing may occur in a subset of patients with 
small fistulas, but patients with larger defects and/or compro-
mised healing ability such as those with radiated, inflamed, 
or infected tissues often require flap repair for a successful 
outcome [5]. Several flap techniques have been previously 
described for the treatment of complex pelvic fistulas and/or 
closure of perineal defects. These operations include local 
small caliber flaps such as the endorectal and Martius (bul-
bocavernosus) flaps [6–8] or larger flaps including the omen-
tum, rectus abdominus, gluteus, and gracilis [9–24]. The 
surgical principle for most of these flaps includes sliding a 
tissue, such as the endorectal advancement or gluteus flap, or 
rotating a muscle by disconnecting some of its attachments 
with preservation of its main neurovascular pedicle.

The gracilis rotational flap was introduced into the field 
of colorectal surgery several decades ago [13, 14]. Sev-
eral studies have been previously published on the use of 
the gracilis flap in colorectal surgery, but most published 
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literature has included a small number of patients from a 
few tertiary care academic surgical units. Furthermore, the 
harvest of the gracilis flap is often performed by a plastic 
reconstructive surgeon. This study describes the technical 
aspect of the gracilis flap and reports the experience of a 
colorectal surgeon with this operation.

Material and methods

This retrospective review was approved by the institutional 
review board. All patients who underwent the gracilis 
flap operation over a 10-year period were included. All 
operations, including the flap harvest, were performed by 
one colorectal surgeon (senior author) at Kaiser Perma-
nente, Los Angeles, California. A urologist was involved 
in patients with urinary fistula. The outpatient and inpa-
tient medical records were reviewed and data abstracted 
included patients’ demographics, the indication for the 
gracilis flap, etiology of the condition, and associated co-
morbidities. Outcome measures included length of stay, 
postoperative complications, healing rate, and secondary 
interventions. No statistical analysis was required for this 
study.

Anatomy of the gracilis muscle

The gracilis muscle runs along the inner aspect of the thigh 
(Fig. 1). It is a long and relatively thin muscle which origi-
nates at the pubic bone, adjacent to the ischial ramus, with 
a distal tendinous attachment at the medial inferior aspect 
of the tibial condyle [25, 26]. Its dominant arterial blood 
supply derives proximally from the medial circumflex femo-
ral artery (a branch of the deep femoral artery) with short 
perforators arising from the superficial femoral artery as it 
travels down the thigh [27–29]. The venous drainage mirrors 
the arterial supply. The proximal dominant neurovascular 
bundle is usually encountered within a 12-cm distance from 
the pubic tubercle in most adults. The gracilis muscle is 
innervated by the obturator nerve which arises from the lum-
bar plexus and runs through the obturator canal in the pelvis 
[25–29]. As a member of the adductor muscle group, the 
gracilis contributes to thigh flexion and adduction at the hip 
and leg flexion and internal rotation at the level of the knee.

The gracilis muscle can be used as a flap with minimal 
impact on the function of the lower extremity. It can be used 
in the pelvic area as a rotational pedicled flap or in other 
parts of the body as a free microsurgical flap [30, 31]. The 
flap can be muscular or musculocutaneous. In colorectal sur-
gery, the gracilis flap is usually used as a pedicled muscular 
flap.

Surgical technique for gracilis muscle harvest

The muscle harvest is performed in the lithotomy posi-
tion with slight exaggeration in the external rotation of 

Fig. 1   Anatomy of the gracilis muscle
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the hip to provide adequate exposure to the thigh (Fig. 2). 
The surgical field is prepped and draped to include the 
entire pelvis and both lower extremities to mid-leg level. 
In female patients, the vagina is prepped with Betadine. A 
urinary catheter is inserted. In males with rectourethral fis-
tulas, selective cystoscopy with placement of ureteral cath-
eters and/or a suprapubic tube is considered, as deemed 
appropriate by the urologist based on fistula characteris-
tics, etiology, presence of urethral stricture, and quality of 
tissue. Intravenous antibiotics and deep venous thrombosis 
chemical prophylaxis are administered.

An anatomical line is drawn from the pubic bone to the 
medial aspect of the knee. The gracilis flap runs 3 to 4 cm 
posterior to that anatomical line. The anticipated location 
of the dominant neurovascular bundle is marked between 
10 and 15 cm (Fig. 2). The gracilis muscle is accessed 
through three horizontal incisions about 3 to 4 cm poste-
rior to the drawn anatomical line. Each incision length is 
between 4 and 6 cm, depending on the patient’s size and 

body mass index. Dissection is carried through the skin 
and subcutaneous tissue until the fascia is encountered 
and incised. Once the fascia is incised, gentle blunt dis-
section is carried out with the finger circumferentially to 
isolate the gracilis, and a Penrose drain (CardinalHealth, 
Dublin, Ohio, USA) is wrapped around the muscle (Fig. 3). 
A confirmation that the proper muscle has been isolated is 
demonstrated by pulling on all three Penrose drains simul-
taneously and demonstrating the course of the gracilis 
(Fig. 3). Further confirmation is achieved by inspecting 
the distal long tendinous attachment. Through the most 
distal incision, the tendinous attachment at the knee is 
divided between clamps, and both ends are suture ligated 
to minimize the risk of bleeding (Fig. 4). Once the mus-
cle is detached distally, the index finger of each hand is 
introduced through the mid and distal incisions, and blunt 
dissection is performed of the medial aspect of the muscle 
toward the subcutaneous tissue. Then the lateral aspect of 
the muscle is exposed with wound retractors, and the small 

Fig. 2   Markings of the three incisions for the gracilis muscle (3 to 4 cm behind the anatomical line)
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Fig. 3   Penrose drains wrapping 
around the identified gracilis

Fig. 4   Disconnection of the 
distal attachment of the gracilis 
at the knee level
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perforators are identified and controlled with small metal 
clips. In most patients, three to four perforators are encoun-
tered. The same maneuver is repeated through the proxi-
mal and mid incisions, and the muscle is exteriorized with 
gentle care (Fig. 5). The dominant neurovascular bundle 
is identified through the proximal incision and preserved 
(Fig. 6). The muscle is rotated across the perineum exter-
nally to demonstrate adequate reach for tension-free repair 
of the fistula or wound coverage if the muscle is performed 
for closure of the perineal defect (Fig. 7). A subcutane-
ous pocket is created between the proximal incision and 
the perineum where a transverse incision is made, and the 
muscle is tunneled through with gentle traction (Figs. 8 and 
9). The leg incisions are closed after draining the dissected 
space with a 19 French Blake drain (Ethicon, Inc, Cincin-
nati, Ohio, USA) which is exteriorized through the distal 
incision. The perineum is exposed using a Lone Star retrac-
tor (CooperSurgical, Inc, Trumbull, Connecticut, USA). 
For rectovaginal fistula, the rectal defect is closed primarily 
through a transperineal approach using absorbable sutures, 

following which, the gracilis interposition flap is anchored 
on top of the repair with the muscle covering the area of 
the fistula (Fig. 10). The perineal wound is closed exter-
nally, following which, the vagina is inspected, and a few 
additional sutures are placed to secure the flap to the vagi-
nal wall. In men with rectourethral fistula, the same steps 
are repeated with the following modifications (Fig. 11). 
After tunneling the muscle to the perineum, the patient 
is repositioned in the prone position to repair the urethra 
and interpose the gracilis muscle. Following that step, the 
perineal wound is closed. Through the transanal approach, 
additional sutures are placed to anchor the flap to the rectal 
wall. Of note, when interposing the gracilis muscle for both 
rectovaginal and rectourethral coverage, the muscle should 
cover at least a 2-cm area cephalad to the proximal aspect 
of the fistula to ensure good interposition. All wounds are 
covered with antibiotic ointment, and the leg is wrapped 
to minimize the extent of swelling. The drain is usually 
removed between 3 and 5 days. Oral antibiotics are admin-
istered for 10 days in most patients.

Fig. 5   Delivery of the gracilis 
muscle through the proximal 
incision after blunt dissection 
and control of the perforators
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Fig. 6   Identification and preservation of the dominant neurovascular pedicle

Fig. 7   Demonstration of adequate mobilization of the gracilis flap with good coverage across the perineum
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Fig. 8   Careful rotation of the gracilis muscle toward the perineum by grabbing the sutured tendinous end and pulling it with a clamp through the 
perineal incision

Fig. 9   Closure of the leg incisions over a drain placed through the distal incision
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Results

Eighteen patients underwent a total of 19 gracilis flaps over a 
10-year period. Table 1 summarizes the patients’ characteris-
tics. The median age was 60 years. Prior radiation therapy was 
noted in 72.2% of the patients. The most common malignancy 
type was prostate cancer. Six out of 14 patients with complex 
fistulas (42.9%) had undergone prior fistula repair.

Table 2 represents the indication for the gracilis flap. 
Transperineal fistula repair was performed in 14 patients 
(77.8%), and in four patients (22.2%), the gracilis flap was 
used to close a perineal defect. All patients had a diverting 
stoma (either established previously or placed at time of 
the gracilis flap). The stoma intent was temporary in 12 
patients (66.7%) and permanent in six patients (33.3%).

Table 3 reports the outcome of the 18 patients. Median 
length of stay was 5 days. Readmission rate was 11% (one 
patient with deep venous thrombosis of the lower extremity 
and one patient for reinsertion of urinary catheter). Postop-
erative complications occurred in three patients (16.7%). 
Flap failure was noted in three patients (16.7%)—two rec-
tourethral and one rectovaginal fistula. Both patients with 
rectourethral fistula healed after secondary interventions—
one with repeated gracilis flap and one following pelvic 
exenteration for recurrent malignancy. The patient with 
persistent rectovaginal fistula elected to live with a perma-
nent stoma. During a median follow-up of 24 months, 11 
out of the 12 temporary stomas were closed (91.7%), and 
one patient was converted from a temporary ileostomy to a 
permanent colostomy.

Fig. 10   Transperineal dissection for repair of the fistula with interposition of the gracilis with LoneStar retractor exposure
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Discussion

Complex pelvic fistulas involving the vagina in females 
and the urinary tract in males can be challenging to man-
age. Often, the surgeon is faced with findings such as 
large tissue defects, prior failed repair, fibrotic poorly 

vascularized tissue, and radiation-related tissue damage. 
This study aimed to review a single colorectal surgeon’s 
experience with the gracilis flap, an uncommon yet impor-
tant operation in some patients with challenging colorec-
tal conditions. The majority of cases were performed for 
complex rectovaginal or rectourethral fistulas in patients 
with a prior history of malignancy and radiation therapy. 
Nearly half of the patients had prior failed repairs. All 

Fig. 11   Final closure of the perineal wound after interposition of the gracilis muscle and anchoring it to the rectal and vaginal walls

Table 1   Patients’ characteristics

N = 18

Gender (male/female) 8/10 (44.4%/55.6%)
Median age (range) years 60 (25–72)
Mean body mass index (range) kg/m2 28 (19–38.1)
Prior radiation therapy 13 (72.2%)
External beam 10
Brachytherapy 3
Malignancy 14 (77.8%)
Prostate cancer 7
Rectal cancer 3
Anal cancer 3
Bladder cancer 1
Prior fistula repair 6 (42.9%)

Table 2   Indications for the 18 gracilis flaps

Indications

Fistula repair 14 (77.8%)
Rectovaginal 7
Rectourethral 6
Urethracutaneous 1
Perineal wound coverage 4 (22.2%)
Post abdominoperineal resection 3
Pelvic exenteration 1
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operations were performed without the involvement of a 
reconstructive plastic surgeon, with a high success rate. 
Furthermore, the complication and readmission rates were 
low. Reversal of temporary fecal diversion was achieved 
in most patients.

The gracilis flap use in colorectal and gynecologic sur-
gery was initially reported in a few small retrospective stud-
ies in the latter part of the twentieth century [32–35, 43]. In 
the last two decades, there has been increasing interest in the 
use of this flap in perineal wound closure [1, 16, 17, 19, 39, 
43, 50, 51, 57, 58, 62–64, 66, 69, 71, 73], repair of complex 
pelvic fistulas [18, 22–24, 36–38, 41, 42, 44, 46–49, 52, 55, 
56, 65, 67, 68, 70, 72, 74, 75], Crohn’s disease [20, 21, 45], 
and incontinence [53]. Most of the data available on this 
flap is derived from small retrospective studies and, in some 
instances, several reports from the same institution [21, 22, 
24, 36–38, 43, 54, 65, 68, 74]. Furthermore, the technical 
harvest of the gracilis muscle is usually performed by a mul-
tidisciplinary team including colorectal surgeons, urologists, 
gynecologists, and reconstructive plastic surgeons. There is 
a paucity of data on the gracilis flap harvest performed by 
a colorectal surgeon, as it is not traditionally included in 
the training of the specialty, and most of the initial techni-
cal data on this muscle was derived from the reconstructive 
plastic surgeons’ experience [25–31].

In this article, a review of the anatomy and func-
tion of the gracilis muscle was provided along with a 
detailed description for the step-by-step harvest of the 

gracilis flap. Results of the flap performed by one colo-
rectal surgeon were highlighted, demonstrating a high 
success rate with minimal morbidity and reversal of 
temporary stoma in the majority of the patients. This 
study adds to the scientific data available to date. A 
literature review of the most relevant studies on the 
use of the gracilis f lap in 1121 patients with pelvic 
disorders is presented in Tables 4, 5, 6, and 7 [13, 14, 
16, 18, 21, 23, 24, 32–36, 40–75]. The mean age of 
patients in the reviewed studies was 46.6 years, with a 
slight predominance of females. The most common eti-
ology of the fistula was malignancy (prostate, rectum, 
anus, gynecologic), with over 1/3 of the patients hav-
ing a prior history of radiation therapy. In most cases 
of malignancy, the indication for the gracilis flap was 
to treat a complication arising from the treatment (i.e., 
radiation therapy or surgical intervention). Less com-
mon etiologies included inflammatory bowel disease 
(Crohn’s disease and ulcerative colitis), trauma (motor 
vehicle accident or blast injury), or prior obstetrical 
injury (Table 4). Rare etiologies not represented in the 
table included congenital disorders and benign cryptog-
landular anal fistulas. Approximately 2/3 of the patients 
had a prior failed repair. The most common indications 
for the gracilis flap reconstruction were complex fistu-
las (rectal, vaginal, urinary) and perineal wound/sinus 
closure (Table  5). Anal sphincter reconstruction for 
incontinence was an uncommon indication for the graci-
lis flap. The types of rectal fistulas included rectovagi-
nal, rectourethral, and rectovesical. Additional varia-
tions of vaginal fistulas included anovaginal and ileal 
pouch vaginal. Urethroperineal fistula was uncommon. 
Other types included transsphincteric anal fistulas.

Table 6 represents short- and long-term outcomes of the 
gracilis flap. The mean length of stay was over 11 days, with 
a range between 4 and 22.7 days. Postoperative complica-
tions occurred in about 1/3 of the patients. Readmission fol-
lowing the gracilis flap operation occurred in nearly one in 
every five patients. Overall healing was achieved in 82.9% of 
the patients. The rectourethral fistula healing rate was higher 
compared to the rectovaginal fistula (92.5% vs. 74.5%). The 
majority of patients who underwent the gracilis flap had a 
diverting stoma  (Table 7). In over ½ of the patients, the 
stoma was constructed prior to the gracilis flap operation, 
while in slightly over 1/3 of the patients, it was placed at the 
time of the gracilis operation. In nearly ½ of the patients, the 
stoma was permanent.

Table 3   Outcome of the 18 gracilis flaps

Outcome

Median length of stay (range) days 5 (3–20)
Readmission 2 (11%)
Postoperative complications 3 (16.7%)
Upper extremity deep venous thrombosis 1
Lower extremity deep venous thrombosis 1
Wound infection 1
Primary flap success 15 (83.3%)
Additional surgical intervention 3 (16.7%)
Second gracilis flap 1
Pelvic exenteration 1
Conversion from ileostomy to colostomy 1
Closure of temporary stoma 11/12 (91.7%)
Median follow-up time (range) months 24 (1–81)
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Table 5   Indications for the gracilis flap in various studies in the literature

Author Country Year N Rectourethral/uri-
nary fistula (%)

Rectovaginal fistula 
(%)

Perineal wound (%) Anal sphincter (%) Others (%)

Wheeless (32) USA 1979 5 0 0 100 0 0
Woods (13) USA 1983 14 0 0 100 0 0
Ryan (14) USA 1984 15 0 0 100 0 0
Burke (33) USA 1995 17 0 0 100 0 0
Solomon (34) Australia 1996 5 0 0 100 0 0
Christiansen (35) Denmark 1998 13 0 0 0 100 0
Rius (21) USA 2000 7 14.3 29 42.9 0 13.8
Zmora (36) USA 2003 11 100 0 0 0 0
Menon (16) UK 2005 7 0 0 100 0 0
Vermaas (18) Netherlands 2005 18 0 0 100 0 0
Zmora (37) USA 2006 9 33.3 56 0 0 10.7
Wexner (38) USA 2008 53 67.9 28 0 0 4.1
Fürst (23) Germany 2008 12 0 100 0 0 0
Ducic (39) USA 2008 19 0 0 100 0 0
Ghoniem (24) USA 2008 25 100 0 0 0 0
Gupta (40) India 2008 15 100 0 0 0 0
Lefevre (41) France 2009 8 0 100 0 0 0
Ulrich (42) Germany 2009 35 74.3 25.7 0 0 0
Shibata (43) USA 2009 16 0 0 100 0 0
Nassar (44) Egypt 2011 11 0 100 0 0 0
Maeda (45) Denmark 2011 18 0 11.1 0 0 88.9
Chen (46) China 2013 19 42.1 57.9 0 0 0
Troja (47) Germany 2013 10 0 100 0 0 0
Corte (48) France 2015 32 0 100 0 0 0
Tran (49) Canada 2015 7 100 0 0 0 0
Kaartinen (50) Finland 2015 12 0 0 100 0 0
Chong (51) USA 2015 16 0 0 100 0 0
Raup (52) USA 2015 27 100 0 0 0 0
Kalra (53) India 2016 18 0 0 0 100 0
Singh (54) USA 2016 40 0 0 100 0 0
Park (55) S. Korea 2017 11 0 100 0 0 0
Munoz-Duyos (56) Spain 2017 9 100 0 0 0 0
Leeds (57) USA 2017 5 0 0 100 0 0
Sieffert (58) USA 2017 6 0 0 100 0 0
Rottoli (59) Italy 2018 21 0 100 0 0 0
Kersting (60) Germany 2019 19 0 100 0 0 0
Korsun (61) Germany 2019 32 3.1 72 0 0 24.9
Kiiski (62) Finland 2019 39 0 0 100 0 0
Coelho (63) UK 2019 25 0 0 100 0 0
Weinstein (64) USA 2020 6 0 0 100 0 0
Gilshtein (65) USA 2020 9 55.6 22 0 0 22.4
Sasaki (66) Japan 2021 7 0 0 100 0 0
Grott (67) Germany 2021 46 4.3 62 0 0 33.7
Yellinek (68) USA 2021 119 48.7 41 0 0 10.3
Zhang (69) China 2022 31 0 0 100 0 0
Sbizzera (70) France 2022 21 100 0 0 0 0
DeLozier (71) USA 2023 45 0 0 100 0 0
Schoene (72) Germany 2023 61 5 57 0 0 38
Jenkins (73) UK 2023 50 0 0 100 0 0
Strassmann (74) USA 2023 6 0 100 0 0 0
Hull (75) USA 2023 22 0 100 0 0 0
Muharrem USA 2024 18 38.9 38.9 22.2 0 0

1121 265/1121 (23.63) 340/1121 (30.3) 405/1121 (36.1) 31/1121 (2.76) 80/1121 (7.1)
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Table 7   Stoma data from various studies in the literature

Author Country Year N Patients with 
stoma

Stoma before 
gracilis flap

Stoma during 
gracilis flap

Stoma closure Permanent stoma

Wheeless (32) USA 1979 5 1 1 0 0 1
Woods (13) USA 1983 14 12 12 0 0 12
Ryan (14) USA 1984 15 15 15 0 0 15
Burke (33) USA 1995 17 - - - - -
Solomon (34) Australia 1996 5 3 3 0 0 3
Christiansen (35) Denmark 1998 13 13 13 0 13 0
Rius (21) USA 2000 7 4 4 0 2 2
Zmora (36) USA 2003 11 11 0 11 11 0
Menon (16) UK 2005 7 7 7 0 0 7
Vermaas (18) Netherlands 2005 18 18 18 0 0 18
Zmora (37) USA 2006 9 9 9 0 7 2
Wexner (38) USA 2008 53 53 - - 42 11
Fürst (23) Germany 2008 12 12 0 12 11 1
Ducic (39) USA 2008 19 - - - - -
Ghoniem (24) USA 2008 25 25* - - 21 4**
Gupta (40) India 2008 15 15 15 0 15 0
Lefevre (41) France 2009 8 8 7 1 7*** 1
Ulrich (42) Germany 2009 35 35 0 35 35 0
Shibata (43) USA 2009 16 16 0 16 0 16
Nassar (44) Egypt 2011 11 11 0 11 11 0
Maeda (45) Denmark 2011 18 18 5 13 0 18
Chen (46) China 2013 19 15 15 0 15 0
Troja (47) Germany 2013 10 10 10 0 10 0
Corte (48) France 2015 32 31 31 0 - -
Tran (49) Canada 2015 7 7 7 0 4 3
Kaartinen (50) Finland 2015 7 1 1 0 - -
Chong (51) USA 2015 16 16 - - 0 16
Raup (52) USA 2015 27 27 27 0 27 0
Kalra (53) India 2016 18 0 0 0 0 0
Singh (54) USA 2016 40 40 40 0 0 40
Park (55) S. Korea 2017 11 7 0 7 7 0
Munoz-Duyos 

(56)
Spain 2017 9 7 7 0 7 0

Leeds (57) USA 2017 5 5 0 5 0 5
Sieffert (58) USA 2017 6 6 0 6 0 6
Rottoli (59) Italy 2018 21 21 21 0 21 0
Kersting (60) Germany 2019 19 19 15 4 19 0
Korsun (61) Germany 2019 32 31 0 31 18 13
Kiiski (62) Finland 2019 39 25 0 25 0 25
Coelho (63) UK 2019 25 25 25 0 0 25
Weinstein (64) USA 2020 6 6 6 0 0 6
Gilsshtein (65) USA 2020 9 9 9 0 7 2
Sasaki (66) Japan 2021 7 7 7 0 0 7
Grott (67) Germany 2021 46 44 44 0 14**** 29
Yellinek (68) USA 2021 119 119 - - 103***** 0
Zhang (69) China 2022 31 4 0 4 4 0
Sbizzera (70) France 2022 21 12 12 0 10 2
DeLozier (71) USA 2023 45 45 45 0 0 45
Schoene (72) Germany 2023 60 60 0 60 36 24
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Conclusions

A subgroup of patients with complex anorectal fistulas and/
or perineal wounds requires the use of a well-vascularized 
non-fibrotic tissue for a successful surgical outcome. Several 
flap techniques have been described, including sliding or 
rotational flaps. The gracilis muscle is a great option for a 
select group of patients, and it can be used as a muscular or 
musculocutaneous rotational flap. This study illustrates that 
the use of such flaps by a colorectal surgeon is associated 
with a high healing rate, an acceptable length of stay, and 
low complication and readmission rates.

Author contribution  Authors contributions: M.O Summary of data, 
literature review, initial manuscript drafting A:T.T. Data collection and 
analysis M.A. A. Conception/design, data analysis/interpretation, revi-
sion and final approval of manuscript.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations 

Ethics approval and consent to participate  This retrospective review 
was approved by the institutional review board.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material 
derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from 

the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by-nc-nd/4.0/.

References

	 1.	 Page CP, Carlton PK, Becker DW (1980) Closure of the pelvic 
and perineal wounds after removal of the rectum and anus. Dis 
Colon Rectum 23(1):2–9

	 2.	 Yamamoto T, Bain IM, Allan RN, Keighley MR (1999) Persis-
tent perineal sinus after proctocolectomy for Crohn’s disease. 
Dis Colon Rectum 42(1):96–101

	 3.	 Blumberg JM, Lesser T, Tran VQ, Aboseif S, Bellman G, Abbas 
MA (2009) Management of rectal injuries sustained during lap-
aroscopic radical prostatectomy. Urology 73(1):163–166

	 4.	 Chun L, Abbas MA (2011) Rectourethral fistula follow-
ing laparoscopic radical prostatectomy. Tech Coloproctol 
15(3):297–300

	 5.	 Keller DS, Aboseif SR, Lesser T, Abbass MA, Tsay AT, Abbas 
MA (2015) Algorithm-based multidisciplinary treatment approach 
for rectourethral fistula. Int J Colorectal Dis 30(5):631–638

	 6.	 Rothenberger DA, Christenson CE, Balcos EG, Schottler JL, 
Nemer FD, Nivatvongs S, Golderg S (1982) Endorectal advance-
ment flap for treatment of simple rectovaginal fistula. Dis Colon 
Rectum 25:297–300

	 7.	 Lesser T, Aboseif S, Abbas MA (2008) Combined endorectal 
advancement flap with AlloDerm graft repair of radiation and cry-
oablation-induced rectourethral fistula. Am Surg 74(4):341–345

	 8.	 Gaertner WB, Burgess PL, Davids JS, Lightner AL, Shogan BD, 
Sun MY, Steele SR, Paquette IM, Feingold DJ (2022) The ameri-
can society of colon and rectal surgeons clinical practice guide-
lines for the management of anorectal abscess, fistula-in-Ano, and 
rectovaginal fistula. Dis Colon Rectum 65:964–985

	 9.	 Schoericke E, Hoffman M, Zimmermann M, Kraus M, Bouchard 
R, Roblick UJ, Hildebrand P, Nolde J, Bruch HP, Limmer S 
(2012) Transperineal omentum flap for the anatomic reconstruc-
tion of the rectovaginal space in the therapy of rectovaginal fistu-
las. Colorectal Dis 14(5):604–610

	10.	 Tran KT, Kujipers HC, van Nieuwenhoven EJ, van Goor H, Spau-
wen PH (1999) Transposition of the rectus abdominis muscle 

*All patients had diversion if they did not have it before
**1 stoma is not closed because of anal incontinence
***1 patient refused closure due to concerns about potential recurrence of Crohn’s disease
****1 patient lost follow-up
*****16 patients lost to follow-up

Table 7   (continued)

Author Country Year N Patients with 
stoma

Stoma before 
gracilis flap

Stoma during 
gracilis flap

Stoma closure Permanent stoma

Jenkins (73) UK 2023 50 50 - - 0 50
Strassmann (74) USA 2023 6 6 0 6 6 0
Hull (75) USA 2023 22 22 21 1 14 8
Muharrem USA 2025 18 18 - - 11 7

1121 981/1085 (90.4%) 452/700 (64.5%) 248/700 (35.4%) 508/949 (53.5%) 424/949 (44.6%)

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


	 International Journal of Colorectal Disease          (2025) 40:133   133   Page 18 of 19

for complicated pouch and rectal fistulas. Dis Colon Rectum 
42(4):486–489

	11.	 Winterton RIS, Lambe GF, Ekwobi C, Oudit D, Mowatt D, Mur-
phy JV, Ross GL (2013) Gluteal fold flaps for perineal reconstruc-
tion. J Plast Reconstr Aesthet Surg 66(3):397–405

	12.	 Myers PL, Krasniak PJ, Day SJ, Bossert RP (2019) Gluteal flaps 
revisited: technical modifications for perineal wound reconstruc-
tion. Ann Plast Surg 82(6):667–670

	13.	 Woods JE, Beart RW Jr (1983) Reconstruction of nonheal-
ing perineal wounds with gracilis muscle flaps. Ann Plast Surg 
11(6):513–516

	14.	 Ryan JA Jr (1984) Gracilis muscle flap for the persistent perineal 
sinus of inflammatory bowel disease. Am J Surg 148(1):64–70

	15.	 Yeh KA, Hoffman JP, Kusiak JE, Litwin S, Sigurdson ER, 
Eisenberg BL (1995) Reconstruction with myocutaneous flaps 
following resection of locally recurrent rectal cancer. Am Surg 
61(7):581–589

	16.	 Menon A, Clark MA, Shatari T, Keh C, Keighley MR (2005) 
Pedicled flaps in the treatment of nonhealing perineal wounds. 
Colorectal Dis 7(5):441–444

	17.	 John HE, Jessop ZM, Di Candia M, Simcock J, Durrani AJ, Mal-
ata CM (2013) An algorithmic approach to perineal reconstruction 
after cancer resection-experience from two international centers. 
Ann Plast Surg 71(1):96–102

	18.	 Vermaas M, Ferenschild FT, Hofer SO, Verhoef C, Eggermont 
AM, de Wilt JH (2005) Primary and secondary reconstruction 
after surgery of the irradiated pelvis using a gracilis muscle flap 
transposition. Eur J Surg Oncol 31(9):1000–1005

	19.	 Hsu H, Lin CM, Sun TB, Cheng LF, Chien SH (2007) Unilateral 
gracilis myofasciocutaneous advancement flap for single stage 
reconstruction of scrotal and perineal defects. J Plast Reconstr 
Aesthet Surg 60(9):1055–1059

	20.	 Schaden D, Schauer G, Haas F, Berger A (2007) Myocutaneous 
flaps and proctocolectomy in severe perianal Crohn’s disease - a 
single stage procedure. Int J Colorectal Dis 22(12):1453–1457

	21.	 Rius J, Nessim A, Nogueras JJ, Wexner SD (2000) Gracilis 
transposition in complicated perianal fistula and unhealed per-
ineal wounds in Crohn’s disease. Eur J Surg 166(3):218–222

	22.	 Rabau M, Zmora O, Tulchinsky H, Gur E, Goldman G (2006) 
Recto-vaginal/urethral fistula: repair with gracilis muscle trans-
position. Acta Chir Iugosl 53(2):81–84

	23.	 Fürst A, Schmidbauer C, Swol-Ben J, Iesalnieks I, Schwandner 
O, Agha A (2008) Gracilis transposition for repair of recurrent 
anovaginal and rectovaginal fistulas in Crohn’s disease. Int J 
Colorectal Dis 23(4):349–353

	24.	 Ghoniem G, Elmissiry M, Weiss E, Langford C, Abdelwahab H, 
Wexner S (2008) Transperineal repair of complex rectourethral 
fistula using gracilis muscle flap interposition - can urinary and 
bowel functions be preserved? J Urol 179(5):1882–1886

	25.	 Magden O, Tayfur V, Edizer M, Atabey A (2010) Anatomy of 
gracilis muscle flap. Craniofac Surg 21(6):1948–1950

	26.	 Macchi V, Vigato E, Porzionato A, Tiengo C, Stecco C, Par-
enti A, Morra A, Bassetto F, Mazzoleni F, De Caro R (2008) 
The gracilis muscle and its use in clinical reconstruction: an 
anatomical, embryological, and radiological study. Clin Anat 
21(7):696–704

	27.	 Morris SF, Yang D (1999) Gracilis muscle: arterial and neural 
basis for subdivision. Ann Plast Surg 42(6):630–633

	28.	 Wong C, Mojallal A, Bailey SH, Trussler A, Saint-Cyr M 
(2011) The extended transverse musculocutaneous gracilis 
flap: vascular anatomy and clinical implications. Ann Plast Surg 
67(2):170–177

	29.	 Emi D, Banic A, Sigurdsson GH (1996) A dynamic study of the 
circulation in the gracilis muscle in humans. J Reconstr Microsurg 
12(8):515–519

	30.	 Lykoudis EG, Spyropoulou GA, Vlastou CC (2005) The ana-
tomic basis of the gracilis perforator flap. Br J Plast Surg 
58(8):1090–1094

	31.	 Fattah AY, Ravichandiran K, Zuker RM, Agur AM (2013) A 
three-dimensional study of the musculotendinous and neurovas-
cular architecture of the gracilis muscle: application to functional 
muscle transfer. J Plast Reconstr Aesthet Surg 66(9):1230–1237

	32.	 Wheeless CR Jr, McGibbon B, Dorsey JH, Maxwell GP (1979) 
Gracilis myocutaneous flap in reconstruction of the vulva and 
female perineum. Obstet Gynecol 54(1):97–102

	33.	 Burke TW, Morris M, Roh MS, Levenback C, Gershenson DM 
(1995) Perineal reconstruction using single gracilis myocutaneous 
flaps. Gynecol Oncol 57(2):221–225

	34.	 Solomon MJ, Atkinson K, Quinn MJ, Eyers AA, Glenn DC 
(1996) Gracilis myocutaneous flap to reconstruct large perineal 
defects. Int J Colorectal Dis 11(1):49–51

	35.	 Christiansen J, Rasmussen OO, Lindorff-Larsen K (1998) 
Dynamic graciloplasty for severe anal incontinence. Br J Surg 
85(1):88–91

	36.	 Zmora O, Potenti FM, Wexner SD, Pikarsky AJ, Efron JE, 
Nogueras JJ, Pricolo VE, Weiss EG (2003) Gracilis muscle 
transposition for iatrogenic rectourethral fistula. Ann Surg 
237(4):483–487

	37.	 Zmora O, Tulchinsky H, Gur E, Goldman G, Klausner JM, 
Rabau M (2006) Gracilis muscle transposition for fistulas 
between the rectum and urethra or vagina. Dis Colon Rectum 
49(9):1316–1321

	38.	 Wexner SD, Ruiz DE, Genua J, Nogueras JJ, Weiss EG, Zmora 
O (2008) Gracilis muscle interposition for the treatment of rec-
tourethral, rectovaginal, and pouch-vaginal fistulas: results in 
53 patients. Ann Surg 248(1):39–43

	39.	 Ducic I, Dayan JH, Attinger CE, Curry P (2008) Complex perineal 
and groin wound reconstruction using the extended dissection 
technique of the gracilis flap. Plast Reconstr Surg 122(2):472–478

	40.	 Gupta G, Kumar S, Kekre NS, Gopalakrishnan G (2008) Surgi-
cal management of rectourethral fistula. Urology 71(2):267–271

	41.	 Lefèvre JH, Bretagnol F, Maggiori L, Alves A, Ferron M, Panis 
Y (2009) Operative results, and quality of life after gracilis mus-
cle transposition for recurrent rectovaginal fistula. Dis Colon 
Rectum 52(7):1290–1295

	42.	 Ulrich D, Roos J, Jakse G, Pallua N (2009) Gracilis muscle 
interposition for the treatment of recto-urethral and rectovaginal 
fistulas: a retrospective analysis of 35 cases. J Plast Reconstr 
Aesthet Surg 62(3):352–356

	43.	 Shibata D, Hyland W, Busse P, Kim HK, Sentovich SM, Steele 
G, Bleday R (1999) Immediate reconstruction of the perineal 
wound with gracilis muscle flaps following abdominoperineal 
resection and intraoperative radiation therapy for recurrent car-
cinoma of the rectum. Ann Surg Oncol 6(1):33–37

	44.	 Nassar OAH (2011) Primary repair of rectovaginal fistulas com-
plicating pelvic surgery by gracilis myocutaneous flap. Gynecol 
Oncol 121(3):610–614

	45.	 Maeda Y, Heyckendorff-Diebold T, Tei TM, Lundby L, Buntzen 
S (2011) Gracilis muscle transposition for complex fistula and 
persistent nonhealing sinus in perianal Crohn’s disease. Inflamm 
Bowel Dis 17(2):583–589

	46.	 Chen XB, Wang YX, Jiang H, Liao DX, Yu JH, Luo CH (2013) 
Salvage irrigation-suction in gracilis muscle repair of complex 
rectovaginal and rectourethral fistulas. World J Gastroenterol 
19(39):6625–6629

	47.	 Troja A, Käse P, El-Sourani N, Raab HR, Antolovic D (2013) 
Treatment of recurrent rectovaginal/pouch-vaginal fistulas by 
gracilis muscle transposition - a single center experience. J Visc 
Surg 150(6):379–382

	48.	 Corte H, Maggiori L, Treton X, Lefevre JH, Ferron M, Panis Y 
(2015) Rectovaginal fistula: what is the optimal strategy?: an 



International Journal of Colorectal Disease          (2025) 40:133 	 Page 19 of 19    133 

analysis of 79 patients undergoing 286 procedures. Ann Surg 
262(5):855–860

	49.	 Tran H, Flannigan R, Rapoport D (2015) Transperineal 
approach to complex rectourinary fistulae. Can Urol Assoc J 
9(11–12):E916-920

	50.	 Kaartinen IS, Vuento MH, Hyöty MK, Kallio J, Kuokkanen HO 
(2015) Reconstruction of the pelvic floor and the vagina after 
total pelvic exenteration using the transverse musculocutaneous 
gracilis flap. J Plast Reconstr Aesthet Surg 68(1):93–97

	51.	 Chong TW, Balch GC, Kehoe SM, Margulis V, Saint-Cyr M 
(2015) Reconstruction of large perineal and pelvic wounds 
using gracilis muscle flaps. Ann Surg Oncol 22(11):3738–3744

	52.	 Raup VT, Eswara JR, Geminiani J, Madison K, Heningburg 
AM, Brandes SB (2016) Gracilis muscle interposition flap 
repair of urinary fistulae: pelvic radiation is associated with 
persistent urinary incontinence and decreased quality of life. 
World J Urol 34(1):131–136

	53.	 Kalra GD, Sharma AK, Shende KS (2016) Gracilis muscle 
transposition as a workhorse flap for anal incontinence: quality 
of life and functional outcome in adults. Indian J Plast Surg 
49(3):350–356

	54.	 Singh M, Kinsley S, Huang A, Ricci JA, Clancy TE, Irani J, 
Goldberg J, Breen E, Bleday R, Talbot SG (2016) Gracilis flap 
reconstruction of the perineum: an outcomes analysis. J Am 
Coll Surg 223(4):602–610

	55.	 Park SO, Hong KY, Park KJ, Chang H, Shin JY, Jeong SY 
(2017) Treatment of rectovaginal fistula with gracilis muscle 
flap transposition: long-term follow-up. Int J Colorectal Dis 
32(7):1029–1032

	56.	 Muñoz-Duyos A, Navarro-Luna A, Pardo-Aranda F, Caballero 
JM, Borrat P, Maristany C, Pando JA, Veloso E (2017) Gracilis 
muscle interposition for rectourethral fistula after laparoscopic 
prostatectomy: a prospective evaluation and long-term follow-
up. Dis Colon Rectum 60(4):393–398

	57.	 Leeds IL, Taylor JP, Pozo M, Safar B, Sacks JM, Fang SH 
(2017) Gracilis flap for perineal closures in minimally invasive 
abdominoperineal resection. Am Surg 83(6):e194-196

	58.	 Sieffert M, Ouellette J, Johnson M, Hicks T, Hellan M (2017) 
Novel technique of robotic extralevator abdominoperineal resec-
tion with gracilis flap closure. Int J Med Robot 13(3)

	59.	 Rottoli M, Vallicelli C, Boschi L, Cipriani R, Poggioli G (2018) 
Gracilis muscle transposition for the treatment of recurrent rec-
tovaginal and pouch-vaginal fistula: is Crohn’s disease a risk 
factor for failure? a prospective cohort study. Updates Surg 
70(4):485–490

	60.	 Kersting S, Athanasiadis CJ, Jung KP, Berg E (2019) Operative 
results, sexual function and quality of life after gracilis muscle 
transposition in complex rectovaginal fistulas. Colorectal Dis 
21(12):1429–1437

	61.	 Korsun S, Liebig-Hoerl G, Fuerst A (2019) Gracilis muscle 
transposition for treatment of recurrent anovaginal, rectovagi-
nal, rectourethral, and pouch-vaginal fistulas in patients with 
inflammatory bowel disease. Tech Coloproctol 23(1):43–52

	62.	 Kiiski J, Räikkönen K, Vuento MH, Hyöty MK, Kallio J, Kuok-
kanen HO, Kaartinen IS (2019) Transverse myocutaneous gra-
cilis flap reconstruction is feasible after pelvic exenteration: 

12-year surgical and oncological results. Eur J Surg Oncol 
45(9):1632–1637

	63.	 Coelho JAJ, McDermott FD, Cameron O, Smart NJ, Watts AM, 
Daniels IR (2019) Single centre experience of bilateral gracilis 
flap perineal reconstruction following extra-levator abdomin-
operineal excision. Colorectal Dis 21(8):910–916

	64.	 Weinstein B, King KS, Triggs W, Harrington MA, Pribaz J 
(2020) Bilobed gracilis flap: a novel alternative for pelvic and 
perineal reconstruction. Plast Reconstr Surg 145(1):231–234

	65.	 Gilshtein H, Strassman V, Wexner SD (2020) Redo gracilis 
interposition for complex perineal fistulas. Tech Coloproctol 
24(5):475–478

	66.	 Sasaki K, Yoshimi F, Kawasaki H, Hayashi H, Hiyoshi M, Nagai 
H, Ishihara S (2021) Usefulness of the gracilis muscle flap for 
reconstruction of large perineal defects following total pelvic 
exenteration with sacrectomy. ANZ J Surg 91(9):1932–1934

	67.	 Grott M, Rickert A, Hetjens S, Kienle P (2021) Clinical outcome 
and quality of life after gracilis muscle transposition for fistula 
closure over a 10-year period. Int J Colorectal Dis 36(3):569–580

	68.	 Yellinek S, Sousa CB, Gilshtein H, Strassmann V, da Silva G, 
Wexner SD (2021) Gracilis muscle interposition for treatment of 
complex anal fistula: experience with 119 consecutive patients. 
Dis Colon Rectum 64(7):881–887

	69.	 Zhang C, Yang X, Bi H (2022) Application of depithelized gra-
cilis adipofascial flap for pelvic floor reconstruction after pelvic 
exenteration. BMC Surg 22(1):304

	70.	 Sbizzera M, Morel-Journel N, Ruffion A, Crouzet S, Paparel P, 
Carnicelli D, Neville P (2022) Rectourethral fistula induced by 
localised prostate cancer treatment: surgical and functional out-
comes of transperineal repair with gracilis muscle flap Interposi-
tion. Eur Urol 81(3):305–312

	71.	 DeLozier OM, Stiles ZE, Shibata D, Deneve JL, Monroe J, Dick-
son PV, Mathew A, Chandler RG, Behrman SW (2023) Gracilis 
flap reconstruction after proctocolectomy for malignancy and 
inflammatory bowel disease. Am Surg 89(2):247–254

	72.	 Schoene MI, Schatz S, Brunner M, Fuerst A (2023) Gracilis mus-
cle transposition in complex anorectal fistulas of diverse types 
and etiologies: long-term results of 60 cases. Int J Colorectal Dis 
38(1):16

	73.	 Jenkins E, Humphrey H, Finan C, Rogers P, McDermott FG, 
Smart NJ, Daniels IR, Watts AM (2023) Long-term follow-up of 
bilateral gracilis reconstruction following extra-levator abdomin-
operineal excision. J Plast Reconstr Aesthet Surg 76:198–207

	74.	 Strassmann V, Silva-Alvarenga E, Emile SH, Garoufalia Z, 
DaSilva G, Wexner SD (2023) Gracilis muscle interposition: a 
valuable tool for the treatment of failed repair of post-partum 
rectovaginal fistulas - a single-center experience. Am Surg 
89(12):6366–6369

	75.	 Hull TL, Sapci I, Lightner AL (2023) Gracilis flap repair for reop-
erative rectovaginal fistula. Dis Colon Rectum 66(1):113–117

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The use of the gracilis flap in colorectal surgery: surgical technique, results, and review of the literature
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Anatomy of the gracilis muscle
	Surgical technique for gracilis muscle harvest

	Results
	Discussion
	Conclusions
	References


